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ADSSTEACT 


Meciibeancmmemcamctdcn Of Variations in the height of 
atmospheric inversions are required for optimum utilization 
of modern weaponry. A marine atmospheric boundary layer 
model was used t9 explore Pio weent li Nermeemwot and “or 
predicticns of the inversion heights. Data for this ¢evalua- 
tion were cbtained from rawinsonde observations taken at 
Vandenberg AFB, Califcrnia for each season. Vertical velecc- 
ities fcr these data were obtained by vertical integration 
cf the mcisture kudgét equaticn (Q-method). Results of the 
mcdel cutput were ccmpared graphically and by use of RMS 
error statistics. Tk¢ese results were very poor and revealed 
that streng land influences on diurnal variaticns yield 
inversicn height fluctuations which the model cannct repro- 
ones. Further development of the model is necessary to 
cverceme preblems carsed by the land influence. 
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Pe ee UCTION 


a A a A vee ele a ee eee Se Gente 


Histcrically, advanced detection and surprise attacks 


« ZO 


7) 


mave teen an aréa cf intere 
Knowledge about the efrects of atm 
g 


{A5L) inversions on e€iectrema 


and dccuranted. Advance knowledgs of inversion changes can 
Meee Citrecct effsct Cn military planning conducted Ey all 


eeavices. 

With technolcgical advances, our weaponry has teccme 
Peghiy sopnhisticatec eda, Peue —aGevelopment of. “sma zt 
tombs) and dependent on electromagnetic propagation for 
guidance ccntrol. Tke guidance components for these weapens 
deperd cn wany different wavelengths, Todt Gee nem = the 
visiktle tc the micrewave, dependent on the specific use of 
the wearen. The weapons depend on the trensmission and 
Meeerticn cf these Signals to locate and rollow tarag¢ts. 
Tifficulties arise wken atmecspheric conditions are such +hat 
Signal perftcrmance is distorted by refraction. Oriy Lhese 
areas which affect fropagaticn of radar signals will be 
discussed in this thesis. Other propagation types, such as 
optical, and the atmcspheric fparaneters affecting them will 
rot ke addressed. 

Signal propagaticn is dependent on the index cr refrac- 
tion which is a function of temperature and humidity. 
Refracticn cr a sigral occurs as thet signal moves through 
Wemecical gracients cf temperature and humidity. Atmospheric 
Semadictions which enhance refraction are inversions, which 
cause strong gradients of temperature and humidity, or rapid 
changes cf humidity near the surface. OceueEonce,;. het ght 
and intarsity of inversions are strongly dependent on local 


SmemeescyYncptic atmosrheric conditions. MieweenipOrcance ~ Of 
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MEG G8 veOoaga sch is OhVvicus buc to do Sc With accuracy 
Meee r]duzl=S acCutac2® OBretiction of tne metectcidgicadi 
Meecnctess aftecting it. Geese is 8Meeeeaes ts tks 
Peedicticn of changes in the temperaturs ang humidity 
proriles, bot Come ecommare snighly vartable “end can 
@emeicteliy change their vertical profile within a matter of 
hours. GCereotmteiGatecess Such 2S vertical veiccity ana 
surface sind speeds will be discussed later. 

The ability to fcrecast inversions and how they ray vary 


i 

fluences tne effectiveness of modern wearcnry. 
adily apparent that imprevements in this forecasting 
is cf paramount importance in making military flans 
which invelve choosing the type weapon best suited fora 
Raccacular rissicn. As long @s thers are functiecns cepeéen- 
dent cn signal transmissions there will remain a need to 
increase the ability te forecast the atmospheric parameters 
meme h ccrtribute to propagation. 

The model used te investigate inversion heights is a 
marine atmcespheric ktcundary layer (MABL) model which has 
teen modified for use at the Naval Peet tad te tem ochneot 
(NPS). RicmeEcietors GNCOP porated Into this model include 
BPetential temperature and specific humidity within the 
well-mixed region and their aradients at the base of the 
inversion. Use of thes? parameters make this model appli- 
cable to studying inversion changes. Rhecua. di seucei cn. ct 
the acd¢e] will be previded in Chapter II. 

Anotker area where advance knowledge of ABL inversion 
changes tculd be useful is in sSingle-staticn forecasting. 
The effects of chances in the inversion are found not only 
to effect electronic transmissions but also to indicate 
pessitle changes to current weather conditions. Therefore, 
any inrrevements in cur ability to predict these changes 
Willi te important tc land-based and sea-based operations, 
Pee as 


Since imprevemen= in a 
reflected in the daily weather forecast. 


Bea cs, Pb2ed2ctien also will be 





This thesis completes an 


+ 


a 
cf data obtained frem Vandenpe 
Mea PCliods each cover a Gifie 
to eight days in length. Tn conducting this examination 
vertical velocities fcr Vancenkerg AFB were calcul 

their rawinsondé data. Each days déta were run throu 
NPS MAEL prediction nedel tc establish the forec 


a 
Mer that pericd. Results trom the model's forecasts were 
o 


i- 


compared to data frcem later reports for correlat ar. 
determine accuracy cf the model. Successive runs of the 
model wsre made until each data set nas been completed an 
determination as to how well the mod2l predicts inv 
heights in ¢ach 24 hncur forecast. 

One cf the time periods of data chosen for study is, by 
choice, ccincident with a data pariod used by Gl¢eason 
mig62). His study was directed at effectiveness of the 
Model for mcre of a pure narine Location and for this re 
Mate fren San Nicolas Island was chosen. cS mS 
data from Vendenterg AFB since it is a coastal stat 
will have scm@what difierent surface conditions due 
continental influence. See eg. 1.1 for a geographical 
Sezentation of the area of interest. Once the Vandenberg 
AFB data had been studied, + 


were used tc make corparisons. The results of this ccmpar- 


ne San Nicolas Island results 


ison are of interest since they will indicate whather or not 
there are pctential problem with the MABL model when used in 
@ redqire strongly influenced by land as compared co a regime 


closely resembling marine ccnditions. 


ae 
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A. EACKGRCUND 


The MAEL model in use at the Naval Postgraduat¢ Schcol 
(NPS) is a zero-order, two layer, integrated mixed layer 
mod2l (Lfavidson et ai. 1984). This is a medifisd versicn of 
the mcdel developed by Stage and Businger ( ) 
layers ccnsist of the well-mixed, turbulent boundary layer 
and the relatively nen-turbulent free atmcsphere. 
Separating these layers is the “transition zone known as the 
inversion. The tern, “zero-crdéer", applies to this model 
because the inversion is considered a jump from one value to 
another instead of having a finite gradient. TS ¢ we 
assume that, ate ene ~anvers on, ©he equivalent povential 
temperature (9). aqideene tOtal speevare. hiumnmidi<cy (aay) 
undexrge zerc-thickness jumps. 

Tetal specific hungidity and equivalent potential temper- 
ature are ccnserved guantities in pseudo-adiapatic crocesses 
and, for this reascn, are assumed well-mixed within the 


Ekoundary layer. They are given by: 


where qv 1s the water varor mixing ratio and q is the 
liguid water mixing ratic; and 


eo Bf eae (2.2) 


where 6 is the pctential temperature, Peirce batch. ned 


for vaporization of water, and C., is the specific heat at 


constant pressure of air. A third fundamental dependent 





lapse rate, I; 





~Z— lapse rate, I, 
Altitude 
Buse ig COS) s qari 
+ «)h Jch INTERFACIAL 
hn NS ~AQ_ = 
p TRANSITION 
MIXED 
FREE CONVECTION 
SURFACE 
It/p oe 


Figure 2.1 Typical potential temperature and 
BOlsture profiles. 


variables is the méan mixed layer depth  (h). vara Gan 
profiles of these parameters are shown in Fig. 2.1. As can 
ke seer in Fig. 2.1, both 6, and q, are assumed tc have 
constant values throvghout the mixed layer. Above «this is 
the interfacial regicn, or inversion, where tha jump cccurs. 


OQne cf the more appealing features about this mod¢l is 


that it runs from input farameters gleaned frem czoutine 
metecrclegical and cceancgraphic daca. ThesS parameters 
are: surface layer humidity, temperature and winds, 


vertical gradients cf tamperature and humidity akove the 


16 





@ix2d layer, and ssa-surface temperature (SST). Reedilyv 
E 


Meee larie fevinsecnde chservaticns can be used to detiraine 
MUD SU cate mece aS Sxcepy SST. SST vaiues can Ee crotalne4 
Meom Ssateliite intergretaticn cr direct measurements. 

One credictive equations for the three dependent vari- 
ables are given by: 


where d/dt represents the time rate of change of the vari- 


able fclicwing a column of air. (WTO?) and ( ‘q')> are the 
surface turkuient fluxes of 3. and Ges while the A terms ars 
eres magnitude of the jumps at the inversion. Other quanti- 
ties intzrocuced tere are: 1) “ee eS entrainment rate; 
2) te 7 the large-scale vertical vslocity at the inversion 
height (initialized using the subsidence rates descrited 
Meet-e) an ~his chapter); 3) &, - the rate of radiative heat 
Mgeerer Unit area near the cloud top; and 4) Res eS 
Meee Of radiative heat gain per unit area at the cloud kLase. 
(Haggerty, 1983) 


Bo NES MCDEL PARTICUIARS 


Tre use of a well-mixed layer, along with other davelcp- 


es, tade modifications to the model described ty Stage 


u 
Mens frcecr others in the epecifics of surface flux, radia- 


~ 


n 

and Eusinger (1981) necessary. The NPS integrated MABL 
£ 
ve fiux ard the zere gradient assumption. The follcwing 


discussicns are kErief since the references (Davidson et al. 


1984) are guite complete. 


Ly 
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mmeee m =erers tc the mixed layer, s to the surface value, hb 


memes height of the mixed laver, Z2 is tne height, Ad is thea 
jump in @¢ across the inversicn zone, fe is the grad ene 
above the inversion, and Ne 1s the gradient in the mixed 


layer (assumed tc be zero). 


The model predicts the tine evolution of the mixed 


layer values of d.0 9,4 a rcumog(SCen EG a a> 2s 3) ioe a jelslas iret 
Ze-21ONn, tke lapse rates ‘for these quantities are held 
constant while larger, synoptic scale obsézvations previd= 


S 
the input values of the boundary layer wind for the entire 
forecast period. 

Surface fluxes of sensible heat and water vaper are 
desternrined through an application of the bulk aercdynamic 
formula (Davidson et al. 1678). These fluxes are driven by 


the buik air/sea differences and are expressed as 


vue) ee 
Si 


45 
Cg 0 m x 
4s 
oe 


cance 


where Cy is the ten reter, stakrility dependent, drag ccefifi- 


Pome, UU, 16 the friction velccity, and 95 and q, are the 
respective sea-surface values. 
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EGeemeocenmaaticn tOr the entrainnent tate 

Given by Stage and FEusinger (1981). This parametsrization 
allcwe clcsure of the system cf equations and determines the 
time evclution of the inversicn height. rt also UEang= th 
turbulent kinetic enexgy (TKE) Deadge= into. Chem sOe M2 e= 10n 
since entrainment of heat flux across the stable inversi 
Meaguires TKE, that is, work is done by this process. Here 
the assumption used fer closure states that the dissipation 
meee ct TKE is a fixed fraction (1-A) cf the fr 

Bae, wrere A if the entrainment coefficient, sect 
ie ce Within the TKE equaticn are terms which provide for 
Meaagucticn end dissipation, therefor 47 1s assumed that 
meen Cccur within «tke mixed layer, rather than cnly where 
there is negative tuoyancy flux. These are associated 
through the use of the turbulent scaling velocity for the 
mixed layer, W., and the nixed layer deptn (h) for the 
Beating length. 


Be Radia 


iD 
{th 


lux considerations 


ae EE EE ee a 


ktken considering radiation flux and its effects on 
the mixed layer there are several pcints which must be 
Pm@eerstccd. Distinction must be made between Ilcng-wave 


fluxes for clear or cloudy cases, and short-wave fluxes 
@. Long-wave radiative fiux 


Underteweudless sky conditions, the net long- 
wave tadiative flux is determined using the water vapor and 
temperature profiles. The flux is calculated by inte- 
rating, from the surface (Z=0) to the ton of the mixed 
layer (Zz=h), the flux emi¢sivity profile where the emis- 
Sivity is determined from the Stefan-Boltzmann law (Fleagle 


and Eusinger 1980). The afcrementioned modification has 
alse keen applied. 


V9 





immomeselGem © sClcudsS NeecSsssitares the calcula- 
tion Of the net radiative flux at potn the cloud top and the 
cloud base. These calculations aze also made using 7he 
Stefan-Ecltzmann law. Weoteene. ClOUd topes fimxy 2s being 
determined, the input temperatures ara the cloud tep temper- 
ature and the effective radiative sky temperature. Rez, the 
cloud tase th2 input temperatures are the temperatures at 
#he cloud basa and 2t the sea surface. It is also important 
+o note that, in this case, the flux divergence between the 


eea surface and the cloud base 1s neglected. 
kb. Short-wave radiative flux 


The MABL model caiculations of short-wave radia- 
tion take into consideration both diract and diffuse compo- 
nents. Eoth scattering and absorption contribute to 
short-wave axtinction. ire SGdtwsetmge —CChi.clLbuUTICnH +¢ the 
short-wave radiative flux is determined through use cf the 
delita-Eddington methcd, where the mixed Layer scattering is 
Sijes tC a~meospheric particies, cloud droplets in the cloudy 
case and sea-salt aerosols in the clear sky case. 
Absorpticn 1S primarily the result of watar vapor and is 
Memen into account when the incident flux at the top of the 


mixed layer is determined. 


C. MCDEL AFPLICATIORN 


All model runs for this thesis ware done such that the 
Situaticn approximated ‘to a real forecast run. iia) aS); 
the mcdel was initially set tc run with a single soundina 
and an estimate cf -0.0005 m/s for the subsidence. Further 
runs were made as each new sounding could bs added. This 
Fresents a realistic representation of what one could expect 
rom the mcdel for the Vandenberg AFB area. 
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Freparation for rumning the model requires that severa: 
Mero or 2 6Ms be Cerssdered, These consist of identityina 
meen cynertilc pattetn and initialization parameters; wiii bs 


Eefcre checking on input data for the model the 
overall syncptic pattern must be checked. NOt (GG ene=enS 
utilizes all availabie meteorological data (e.g, surface and 
upper air svnoptic analyses, as well as satellite, rtawin- 
sonde and individual surface cbservations). The desired 
meroptac Situaticn fcr optimum model predictability is to 
have the area cf interest dcminated by a high fre2ssure 


eystern. 


~- 


meee identity Initialization Parameters 

The next st@ap in preparing to make the 
to determine th2 input parameters. Potentia 2 
and mcisture values fer the mixed layer, height and streén 


g 
c= the jump, surface wind, sea-surface temperature, vertical 
velocity and the lapse rate akeove the jump are the ne a 

u 


xr 4 


parameters and, of these, a good determination of the 
value across the inversica is critical. 

Excspt for vertical velocities, parameters are 
determined from the vertical soundings, and can ke done 
manuelly Green cough the wuss of a digitizing progran. A 
sample cf a digitized rawinscnd@é appears in Fig. eva 
Extreme care must ke used se that the values determined 
represent the true scunding or serious error can result. 

The vertical velocity or, in our case, the subsi- 
dence rate for the forecast start tim? must be determined. 
There are several means for calculating vertical velocity 
But none, tc date, previde the accuracy desired. Noth 2has 
in mind, the method which has proved to be most accurate was 
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used. hive method 9§22 the C=msthod which iS an exrressiton 

meee vertical velccity deraved from the vertical integration 

cf the mcisture budget equation and is given bv: 

A(q+l) (dh/fdt) - h(d(qt1l)/dt) + re 
w= (20695) 
A(qtl) + B(h/2) 

where gq and 1 are vapor and liguid water contents, and 8, 
their vertical gradient (Gleason, ee 2 ee The computer 
Beogram used to calculate the vertical veloc 
daté as 


ty uses current 
well as data within tne previous 24 hours. 
cf previcus rawinsonde data is 


allowed since 
equaticn includes total change with 
for the 


The use 


the Q-method 
inversion 


respect to time (d /dt) 
Peigme and the total moisture. The 
vertical velocities cutput frem the pregram are for e?ach 
Geta Feriod input These values are then averaged to set 
3882 
\ / 
: Q THETA ‘ 
2582 \ Gradient shove -.3889 @.8848 | 
‘ Inversion jusp ~-2.65 4.8 4 
\ We | i-mixed 6.34 15-7 / 
4 Inversion top ht 743m. 753m. ‘ 
' Mixed layer ht 289m. 411m ij 
29a¢ | ; 
c / 
3 ) 
15a | me zEs 
/ 
j 
1aae , i 
520 ig | 
ae | 
-10900- 
1G 
SPEC. HUM. (gvkg) 5 10 Io 2a 29 
POT. TEMP. (C) | 18 28 38 48 


Pr quLe Es .2 


Sample of digitized rawinsonde. 
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SEeeeceeomoupercine pericd With the final suk 
lculated keine the one used in the model. ive On 
Pevyectcourtenrcammech “Las pethod «as «when she subsi- 
Gence inversion heigkt was increasing at a@ rata sut S 
to yield a positive average. When this occurred the medel 
input rate was set tc zero. Table I gives the suk 


rates {tys) used for the model runs. 


TABLE I 
Subsidence Rates for Model Runs 


LATE Git west esl DNEC? DATE Cat Sirs PD eNE E 
Huy 25 OO -—0.005 migust 29 =S00 0.905 
Vee O 003906 Wr Oe COS aos 
Pome me Ue 00 5359 30 0 eo 06.00 
12 ~0.0008265 125 =-0.00023389 
Zeno oO 0.0 1439 31 00 =0.0004126 
12 -0.001553 12 O20 
28 00 =0.002856 September 1 00 0.0 
A 00 10 A) sys a) 
; 2 Sl ONG Tel ke 
December iz O00 -Q0.C005 5) 2 OO Sls SUS 
tz =—0-.005613 12 0.0 
14 OO -0.C02856 4 OO -0.0006649 
IeeoOo  -=—O020005 056 
, 12 *0.9001524 
mere) 1s O00 =0.C05 6 00 ANG, 
12 -0.002019 
sd 0:0 Orc 
12 -0.0003651 
eae 00 OC 
eZ Che 50) 
lene 00  =0.. C0220 
i205 002988 
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III. SYNOPTIC PATTERN DISCUSSION 

Feur data sets were used for evaluétion cf nodel 
validity. These sets include a Summer period (25 through 27 
July 1977), a winteéezx period (13 and 14% December 1977), a 


wer 


maeeerg percicd (?3 threugh 17 April 1981), anda fall peric 


MoeAtg through 5 September 1981). Large scale analyse 


n 


were for as close tc 1200 Greenwich Maen Tine (GMT) a 
will tea 
O 


m" 


ct 


possible. In most cases the satellite 


YO) DW 
4 
Q 
qt 
= 
t} 
D 
it 


1745 GMI since these pictures best di 
interest. 

This discussion will be of the overail weather picture 
for the €astern North Pacific Océan and the western United 
States. Piemidcdm will be —cCondicions over the area ae a 
whole and unigue or differing conditions at Vandenberg AFB 
Broce lf. Satellite pictures, surface weatnoer analyses, and 
upper air analyses (SCO millibars) will be used to detarmins 


fm cynoptic situaticn of each period. 


A. SUMMER CASE, PERIOD I (25-27 JULY 1977) 


The surface and 500 nmililibar (mb) Synoptic patterns for 
*his cericd appear in Figs. Selec = OU) 364. DiGang et its 
rericd the coastal réqion was dominated by a high fressure 
systenr cver the Nerth Pacific Ocean with the thermal 
troughing e¢xtending frem Mexico northward into the high 
desert regicn of Arizcena and southeastern California. Such 
a syncptic pattern usually preduces weak onshore flew alcng 
the southern Califorria coastal regions. The upper air 
énalyses (500 mb) showed no strong westerly flew over 


Bereeretnia during the entire period. 
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Diese ent ce peraco  <he Pacific high pressure systen 
moved necrtheastward and on 27 July, weakened és & 
staticnary front developed cff the northwest coast. Also of 
importance cn 27 July was the development of a low pressure? 
center west of Los Angeles, Gavirorniia Even w is 
develcpment the preccminate flow remained cnshore in the 
YVanderberg AFB region. 

The rawinsonde date revealed a subsidence type inversion 
marcughctt the fpericd, see Fig. Sele There wes alsc a 
diurnal variation in the inversicn bas2. Each day the base 
ranged frcem the surface at 1200 GMT to a height akcve 650 
feet at COO0C GMT. An examples of this diurnal change also 
appears in Fig. 3.1. 

The satellites pictures for this period appear in Figs. 
feo through 3.7. Orly patchy areas of lew clouds along the 
Califerria coast appear on the satellite pictures. These 
areas were in the San Francisco bay area and the ccastline 
meen cL Los Angeles. The cnly cther area cf low cicuds sas 
two tc three dégrees longitude west of Vandenberg AFB. 
There was nce significant changes to the coastal locaticns of 
the lcw clcuds while the area over the water had some dissi- 
paticn and was even further cffshore. The Vanderberg AFB 
vecinity remained urder clear skies during «he entire 


period. 
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Figure 3.1 emesp te of Summer Casé rawinsonde and 
diurnal change in inversion. 
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Ze 





ce Yee 
f ; ie SD a 


opie ” 
: a: 





(b) 


urface (a) and eo (b) analyses 


S 
1200 GaT 27 July 19 


Figure 3.4 


Ze 





1745 S5ILT 32A-1 OFS 15871 Wee 





Fagure 3.5 SatcluteewPptcture for 25 July 1977. 
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Figure 3.6 Satellite picture for 26 July 1977. 
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Pa gure 3.7 Satelite prcture £0r 27 July 1977. 
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EB. WINTER CASE, PERICD IIT {13-14 DECEMBER 1977) 


The general s§s ace and 500 mb analyses appear iin 
meoures =.5 and 3.10 A difference between this syneptic 
Meererr end that fcurd in the other periods is in ‘this 


attéern tne desired cnshore flow exists but i+ 


TO 


mease frcm the strong Pacific high and thermal tr 


O 
ou u 
from a high pressure céli that had separated frem the nain 
Metric c2il and mcved in over central Califo h 
strongest westerly flow alcft was found to the n fo) 
meme crria with the Felar jet meving across the Washington - 
Cregeen region. Westerly flow over Vandenberg AFB was 
Seeoncer than 1h other pericds. 

The primary aspect is that on 13 December a high pres- 
sure center moved over central California with the large 
righ pressure system still maintained over the North Pacific 
Ccean. Weak thermal troughing was also extending nerthward 
moto Califcrnia Tre overall result of these surface 
fatterne sas weak onshere flow in the Vandenberg AFB and San 
Nicolas Island régiors. The enly other significant feature 
in the 13 Lecemter analysis was the frontal system mcving 
into the Pacific Northwest. 

On 14 December the high pressure center dissipated 
leaving the Pacific high pressure system and ridging acrcess 
central California. Weak therral troughing continued ir the 
southern California area. Opishomemrlowsalso ‘continued £0 
Semanatse the southern Califernia coastline. Pie. £recr tal 
syste frem the 173th moved eastward and a trailing warm 
meant moved to northérn Califcrnia. 

MiGs S20 2s an example of the vertical soundings for 
jes Céniod. The rawinsonde data showed subsidence typ¢ 
invetsicrs on both days. NGSe wei ipGmeant 25 that on 13 
Tecemrker at 0000 GMT the inversion was very weak and nor 


meee Strrctured. The inversion strengthened and remained 





v 


eeort until 1200 GMT cn 14 December when 


1t was cbeerved ase 
pec uritece Sased inyersion. Re this cine the egies ise tae 


eeached the maximum etrength for the period. 


1 


iow eellneempiiGtunmes Ler this p2ricd appear in 


t 


Meer and 3. 12. Clear skies in the Vandenberg AFB area with 
Meerontal fystem movyirg intc the northern California reqicns 
appear in the satellite picture for 13 December. Th2re 
Peume littics indicaticn of iow clouds alcng the southern 
Califcrria coastline. By 14 December the front is well into 
Meorthern California with increased cioudiness across 
meaaccrnie. There has also keen an increase in the aroun 
Peelcw clouds aleng the southern California coast. Patchy 
stratts fclicws the coast south cf Los Angeles anda iargs 


area now sits off the Vandenberg AFB coast. 


188 
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SPEC. HUM. (gvkg) 5S 1g iS 29 25 
POT. TEMP. (C) %) 12 29 33 49 


Figure 3.8 Example af Winter Case rawinsonde. 
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Figure 3.11 Satellite picture for 13 December 1977. 
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Figure 3.12 Satellite picture for 14 December 1977. 
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C. SERING CASE, PERICD IIIT (13-36 APRIL 1981) 


fmeemoViepe Vem Ud@ecmrns for £his period appear in Figs. 
Bee Enoccugh 3.17. The Gominating feature was @ 
sure system extending northeestward from the North Pacific 
Ccean réegicns across Washington into Canada. Thergal 
troughinc deminated the high desért regions o 
and extended into nerthern California. The predominate 
Pemeréern Celitornia ccastai flow, generated ky thess 
pat+erns, was onshore. 500 mb analyses show light and vari- 
able winds with tendencies toward formation of a lcw prés~ 
sur2 center through the period. The strongest westerly flow 
remained well north cf the Vandenberg AFB area. 

Siete April the Facitic high was strong but showing a 
tendency to weaken es the lcngwave pattern extended into 
Canada. As the longwave high pattern shifted to the central 
United States the Pacific high weakened. The thermal «trough 
Memscutnern California continued to dominate but alse had 
some weakening. 

By 15 April the Pacific high system had begun to 
strengthen with some ridging across central California. he 
M2gnh ccrtinued intensification through the remainder of the 
pericd. Cn 16 Afril the Tidging extended intc the 
WaShingtcn éarea with tke Pacific high pressure center begin- 
Ling tc reve northeastward. TrasugnOlcjechls portion Cf the 


period «re thermal trcugh showed very little variaticn. The 


iD 


meey Cther key occurrenc2 from the 15th to the 16¢+h was <h 
movemenz of a cold front across the Pacific Northwes*+ into 
Nevada. 

Fig. 3.13 is an €xample of the rawinsonde soundings for 
has period. Rawinsondeé rerforts during this period had 
Subsidence inversions with much daily variation. hee he 
keginning cf the period the inversion was weak and aloft. 


meayepal Vartiaticns intensified the MEVvetst16on but also 


ag 





megugnht 2t to the surface. Peo ear weare Cents .uec Ths 


the 
GMT 
the 
the 


3.21. On 13 April tke satellite showed Vandenberg AFE un 


(ieee con  cimeulloc)y che INVerSloOn intensified at 

ana tema ned aweresUune Ll 1200 GUT on the 16th. Du 

latter half cf the period there was some fluctuatio 
g 


intersity but over all the inversion remained stron 


These satellite rictures appear in Figs. 5) 1s ined olpak 


clear e¢kies while tke coastal region south or there 


dominated by low clouds. Fy 14 April the area of cove 


ky low clouds increased and Vandenberg AF3 was within 


area. feow Clouds cecntinued to dominate the Vandenterg 


area with scme dissipation beginning on 15 April. 16 


Showed criy thin coverage of low clouds over the Vanden 


AFB 


area with the denser coverage south of the arsa. 
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SPEC. HUM. (gvkg) 5 1a 1S 28 25 
POT. TEMP. (CC) 8 1a 2@ 38 42 
Figure 3.13 Example of rawinsonde for Spring Case. 
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Figure 3.14 face (a) and 500 mb (b) analyses 
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Figure 3.18 satellite picture for 13 April 1981. 
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Figure 3.19 


Scteimince wiecture £or 14 April 1981. 
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Figure 3.20 Sateliite picture for 15 April 1981. 
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Figure 3.21 Sdrellite picture £or 16 April 1981. 
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DP. FEFALL CASE, PERIOC IV (29 AUGUST ~- 5 SEPTEMBER 19871) 


ty 
yy 
67) 
co 
Mm 


c 

Pip OS a LOns Or ene NObeh esc Tic 
ow and treugh system don 

southern California region. The effecc of these t 
features was tc prodtce weak onshore flow in <h 
concern. Gouelusten>s Greawh from the 500 mb ana 
miat, excert for the last dey of the period, < 
westerly flow remained north of California. Obl 
Septembrer did the Pelar jet extend toward th2 regicns of 
interest. 

The surface analysis for 29 August (Fig 3.23) shows the 
western Facific Ocean dominated by a high pressure systen 
with a lew pressure center lecated off the Washington ccast. 
A thermal iow extended northwestward from Mexico into 
@Bevifcrria with troughing extending aLighee northern 
Califernia. The southern end cf a cold fEront had also moved 
into the nerthern California area. 

Ey 2:0 August tke cold front had moved into scuthern 
Califcrria and the thermal low had changed its orientaticn. 
The Facific high pressure system showed weak intensification 
with rcevement toward the northeast and had pushed inland by 
mage 2 ist. The 31st also shewed that *+he cold front was 
beginning to leave California but with another frental 
syst¢m moving out cf the Gulf of Alaska. Figures 3.24 
Pareugh >:.25 depict these occurrences. 

The 1 September analysis revealed a weakening of the 
Meo, ELessure anc a cold frent approaching Califcrnia. A 
thermal treugh was well established over California rut very 


diffuse cn z September as the cold front moved through 


4S 





Beucnern California. The high pressure system again inten- 
sified and showed nro marked weakening throughecur the 
Meme naer cf the pericd. The only significant even* arter 2 
[Mpem@etiicn Wes the ererence of «@ rapidly moving cciad fren 
meee C2lifcrnia. [iecmesc@endrsO 25 Shown in Figs 3.25 
Sazeough 3.30. 


A sample of the rawinsondes for t 
» 2.22. The rawinscndes for this perio 


Gg 
subsidence type inversion threugho 
W 


zone. 

The extent and development of the low clouds apoear in 
Mmempactures in Figs. 3.31 and 3.38. fhe satellite ¢r 
revealed a buildup cf coastal low clouds (stratus 
Mog) during the pericd. Beginning on 29 August the 
Mmemereo tC re thin with scme dissipation during the day. 
Meeener intc the pericd the stratus thickans and by the enc 
Maeene pericd there is a dense area of low clouds off the 

O a 


coastal regions. 
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Figure 3.22 Rawinsonde example for Fall Case. 
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Figure 3.26 Surface (a) and 500 mb (b) analyses 
1200 GMT 1 September 1977. 
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Figure 3.31 Satellite picture for 29 August 1981. 
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Ragure 3.32 Satellite picture for 30 August 1981. 
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Pigure 3.33 Satellite picture for 31 August. 
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Figure 3.38 Satellite picture for 1 September 1981. 
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Figure 3.35 Satellite picture for 2 September 1981. 
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Figure 3.36 Satellite picture for 3 September 1981. 
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Figure 3.37 Satellite picture for 4 September 1981. 
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Figure 3.38 Satellite picture for 5 Septembar 1981. 
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IV. RESULTS 


Mcde]l fcrecasts were mad2 for every 30 minutes feo 
mome== fcllcwing the initialization time. The forecasts 
Ereseanted in the following tables show only the 12 and 24 
Heme, Values Since they correspcnd to the verificaticn t 

Mme etructure of the tables ars such that the firs* foze- 
Cast, indicated by cclumn keading FCST1, was based on the 
Meese Chservation for initialization and within that cciumn 
are the fecrecasts generated. For example, if the fizs< 
cbservation was for 1/0000 GMT then the forecasts from that 
cbservaticn would be for 1/1200 GMT and 2/0000 GMT. These 
forecasts would te in column FCST1. The second ferecast, 
columr keading FCST2, was lnitialized with the seccnd cktser- 
Veticn (€.g., 4/1200 GMT) and within that column are the 
BemecastS generated (2/0000 GMT and 2/1200 GMT). Each table 
Semearues 2r this manner until ali forecasts for a period 


Eave keer given. 


Root mean square (RMS) sccres are given following eack 
forecast except the last. No EMS for the last forecast were 
given as there were ne observations for comparison. Also 
note that the 12 kceur RMS value simply represents <the 


difference between otserved and forecasted values. 

The values given in the tables ar2 for the parameters: 
inversion h¢eignt, lifting ccndensation level, mixed layer 
Fotertial temperature and mixed layer specific humidity. 
Units for tkese are weters for thea inversion height and the 
lifting condensation level, degrees Céntigrade for potential 
Sempera-Uure, and g/kce for srecific humidity. Alse net¢e that 
subsidences, used in discussing these results, are given in 
Reole I. 
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Ba 


Ringe A. 
mens % 


eriod 


merc ing condensation 


Saszed clicuds 
Beadghts, Tabie 
cisse or quite 


fees uostONn OT eeepryL RESULTS FOR PERIOD I (SUMAER) 


was dcminated cy clear skies. The forecast 

evel vaiues (see Table III) only fore- 
ein CMOS 12. The forecasted inversion 
1S reveal that the model was either very 


meoees [VV and V reveal that, ‘throu ae Deemed, Tere 
were alsc problems asscciat#d with potential temperature and 
PaAowe Loe 
July Inversion Results 
Meee ctt CBS FEST) RMS FCST2 RMS FCST3 RMS 
ZS 00 356 = = - = = = 
257 LS 38:0 = - - - 
26 ONO aa ese) 73.2 cys) | VSR) = = 
12 199 = - Iie OU a 65 30 
OF CO 206 - = = = TO Cnet 3 
Mees GMT CSS° FCST4 RMS CG SIS > y US IOS Iie 2B sy ero Gary 
24 CO 206 LT sa, = = = = 
1Z 120 146 42.8 164 S450 - - ~ 
2¢ CO ss = - 116 39.7 Dole F123. 0 = 
i= = = - = 42 - le: 
2S CG z = = = = = EZ 
ACE LE ol fp 
July Lifting Condensation Levels 
PAweecut OBS FCST1 PES LZ nGSE 3 FCST4 
25 VOSS 3 = = = - 
12 146 299 - = - 
26 One alas, 199 42 = = 
22 7 - 0) 38. - 
27 00 206 = = 309 185 
eer 45 2 = = = 168 
Dass cue 9 OBS FCST5 FCST6 ReSt 
zy 2 2 605 = = 
28 00 1261 410 184 = 
2 = = 176 5 86 
os 00 - = - 366 


oS, 





EeoLE Lv 


July Fotential Temperatures 


Dee eo, gOS mee. t eS a 2 EGS BES .& 
OS 00 16.2 = = = = 
(2A 6B ee - - - 
26 OG al? oteeG . 2 11.6 - - 
Re Os - sla S lego - 
27 00 20.9 = - oe 192.2 
(a = = = Ao 7 
ies Get On Sr Colo BESAG eo 7 
aa OE | RSG. - - 
28 OOo 2 ee) 9. 6 oe | = 
eZ = = pela 8 18.9 
ZS 09 = = - 19.3 
TABLE V 
July Moisture Values 
PiteeGue | Of5 CST) Peo Z mes ls RES rd 
25 VO Ne. 2 = = = = 
2 ee ee O48 - - - 
26 0 oes 5.4 ae = = 
WZ vS8eNI - tee 9.7 - 
Zt 00 9.3 = - 11.3 Sais 
es - 7G = - - ons 
Phase GMT OBS FCST5 IC Site’ EGSi 
z7 NZ oa bao - 10.6 - - 
28 (6), 0 NS (25 seer at Fo 11.1 - 
eZ = - eat, 10.1 
29 00 = = - Wel sts 


specific humidity forecasts. These problems will be covered 
during «ke following discussions. 

Examination cf the inversicn height results reveals scmne 
G@eeoc and scme poor height fecrecasts at the 12 hour pcint but 
mostly bad forecasts at 24 hours. Those forecasts made with 
avezage suktsidence rates (-0.003 to -0.005 m/s) had fair to 
good results at 12 hceurs but had poor results at 24 hours. 
The best teight forecasts (Table II column FCST4) were with 
the weakest subsidence rate while the second bes= (the fifth 
forecast) waS with the strongest subsidence rate. Aliso of 


interest is that fcrecasts with the strongest suksidence 
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Bice hee the iitting condensation level well ebcve ths 

inversicn. io eee Oomimane  feanire wn Table ii is that, 

except ter the forecast with the weakest subsiderc?, tha 
; 


2 c 
were for the 12 hour periods initialized a- 
1200 GMT (a morning period for the California region) 
Fetertial témperzrature, specific humidity, miele abel “Nepe 
(with and without clcuds) and entrainment will be éxanrined 
ieeeexetlaining What was scccurring with the predicted inver- 
pee, Leigh=s for this pericd. Eacn parameter will be 
described separately as to its vpossipnplé impact on the inver- 
Sicn forecast. 
1) potential temperature - Under clear skies cne 
would ncrmally expect nightly cooling cver land. 
The observed values shown in Table IV reveal that 
this occurred yet the forecasts do net reflect ttis 
haces Nocturnal cccling strengthens the jump and 
when coupled with subsidence lowers the inversicn as 
seen in Fig. 4.1. All forecasts were lowering the 
inversion due to good subsidence rates for initiali- 
Zat 100. Daytime heating actS against the subsi- 
dence, weakens the jump, and results in lifting of 
the inversion. This diurnal event was not reflected 
ipa enieow rerecasts. 
z) SpcemeresnuNadity = After the first twe fore- 
casts, specific humidity forecast values were only 
fair. There were ne forecast values which were geod 
Since the errers ranged from just under 1 g/kg up te 
3.3 g/kg. ThE primary trend in the forecasts was to 
increase specific humidity. Thesepredicrion cf toc 
larqé a specific humidity caused th2 mcdel to 
predict even lower lifting condensation i¢vels 
Vio SLrengyy ne CUE tn, enhances the poor inversion 


ELecilet 26nS. 


ca, 





2) radiatior - Th 


ae 
GEmMert2O0ns oft Clear as well as clotidy skies. 
Lie 


4 . A 
Mictwee sect ONd, GOnscaSe “ae TOCcs 


a) cloudy - 
EVeqicteodmmG Cuds tO for 
Sur face. The clouds fa 
Space so the potential ten 
too low. iInversicn predic 
Then 8 tereestngd dureng thes = 
reflect tke diurnal change cred 
skies. 
is) Glearew Radiat 20n CONPUGaEtleOns here could 
have been incorrectly influenced by «ke Ilargs 
specific humidity forecasts. This accompanied 
with good subsidence rates caused 211 fcerecasts 
to lower tke inversion. 
4) entrainment rates - these influence the time 
Pero Gates OL S<teclive humidity and petential 
temperature as well és inversion height. In several 
cf the forecasts the entrainment rate was zero so it 
was internally set +c a positive, Yyet mininal, 
value. This could have affacted the other fore- 
casted values but it is believed the effect was less 
ud eC onor S « 

A definite diurnal pattern can be seen (see Fig. 4.1) in 
the ckserved inversicn heights. Generally there were 
increased heights in the transition from morning to evening 
and cécreasesS fcr tke oppcsite transition. Tse | pare. ein 
coincides with the diurnal pattern of th2 potential tempera- 
tures which reflect radiative daytime heating and nightly 
Sealing. Surface winds also displayed the influence of 
daily heating with evening reperts having the strongest wind 
sepesds and with steady northwesterly directions (an onshcre 
Wind). Figure 4.1 also depicts the 12 and 24 hour ferecasts 


and it is easily seen that the diurnal pattern shown by the 
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Inversion Heights. 
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e) 





@escerved deta is net shefn Ey the <torecas<s. Ona nS 
fomnirg tc e¢veszing IwZe hour forecast ind 
meerd. However close inspecticn of tha forec 


as 
that at tnese times the model inputs for subsidence were 
Je 


strong tkereby influencing the ferecast. 
These effacts all suaqgest problems with the radiation 
calculaticns threughcut this summer period. A reascr for 


a 

this errer is the fact that Vandenberg AFB is a shoreline 
Staticn and the model is primarily designed for over water 
use. Peete One, MeLavdencact,¢g and cooling by sc 
tion, é¢ven through a stratus sky, require adjustments to 
apply the mcdel at a shoreline station. Veureuead  Velecity 
and entrainment rates also affect3d forecasted MABL prcper- 

ties threugh influences on the rat? cf change of key parame- 


ters as well as the irversicn heights (see Eqn. 2.3). 


BemeebisCUSSION OF BOLCEL RESULTS FOR PERIOD II (WINTER) 


Results in Table VI generally suggest that d 


alsa fo) page Ja BS 


a 
| 


Bemecn ene model fails tO forecast vaztiations in the heigh* 
cf the inversion. «© Tables VII through IX cecmpare forécast 
and ckserved lifting condensation levals, potential tempera- 


tures and specific humidity values. 


TABLE VI 


December Inversion Results 


DATE G¥T CBS FCST1 RMS FCST2 RMS FCST3 RMS FCSTU 
13. CO 164 ~ - - = = = = 
12k 45 126.0 - - ~ - - 
14 00 7284 14 210:7 4O 244.0 - - - 
12 297 - - 11 265.8 187 110.0 - 

15 00 - - - : - all - 492 

12 - - - - - - - 623 
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SBN SG 3s ERE 


December Lifting Condensation Levels 


“4 
= 


pe es GMT OES ies | PCS iz ness pe Susy 
13 90 1083 - ~ - - 
V2 2055 123 - - - 
14 00 1056 22 936 - - 
12 174 = 338 S14 - 
15 00 ~ - - DSS 0 
12 ~ - - - ) 
PREBLE YELLE 
December Potential Temperatures 
EATS GIT “OSS FCST1 EGCST2 Pes 23 Fes id 
8 00° 1.2 - - - - 
12 15.8 14.6 a aa ae 
14 G0 as Vo] 15.4 - a 
12 13.0 ~ 15:62 14.9 - 
15 00 - = ~ 14.8 Bae 
12 ~ - - - 5 Atl 
FABLE IX 
December Moisture Values 
CATE GMT OSS EE CSE. FCST2 FCST3 ECS iu 
13 OO” 329 - - - - 
2) eso 9.7 ~ = - 
14 GO Bees 9.9 6.6 = - 
12 8.3 - oS 0 8.0 - 
15 00 - - = 9.2 "ee 
12 - - = - Too 


Vandenberg AFB remained under clear skies in this period 
yet the ferecasts were for rapid formaticn of clouds. 
Forecast specific humidity values improved in the seccnd 
forecast Eut were still not acceptable for the entire 
Bezicd. The potential temperature forecasts were best at 
ene 12 heur point. 


fis 





in 
rh 


The primary causé 
sn this case appear tc 
Tne radiation and cle Sci lewe chs @TCChLoLOUsTed tC “the 
eereor, but =o a lesser 
during the first three Cc 
Seedined in computation, sc 
assianred. The @£aatretion seqnenr calculatiors are str 
infiuenced ty the presence cf d 
mod2l fcrecest clouds. ite zero Voretcel Velocity, = 
model forecast rapid lifting of the inversion. aio 6 
cbs2rvaticons it is hard to evaluates those forecasts but the 
*+rend was fer increasing heights although not as rapidly a 
Becatcted. 

Forecas*: and okserved heights for this p2ricd éppear in 
Figure 4.2. The diurnal variations noted in the summer cas? 
are nct present in this case. It is believed that the larga 
errors in the inversion height ‘forecasts are due to two 
flewors. First, the vertical velocitiscse with which thse runs 
were initialized were large which lead to forecasts of 
lowering pelgnes in ali but the final run. In peality, th 
keights shewed a continual increase. Eiewves ical velccity 
Pecan tae last Fun waS such that rapid lifting of the 
inversion was fcerecast. Secend, the surface winds which 
stayed strong even through the morning hours allowed mere 
mixing in the lcwer layers thereby increasing the depth of 
the mixed layer. This is especially noticable in the 
13/1200 GMT surface wind (360 degrees at 2.1 m/s). 

At Vandenberg AFE asmall chain cf mountains exists 
due=nerth of the base. Wiehe tue SeNOE herly flcw, there 
would te an increasé in the local turbulence|e in the lower 
levels. Therefcre, the poor height forecasts in this case 
is associated with the land influence which is net taken 


Miece accctnt by the mrcdel. 
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Slreuwd £Ccimation until the third dey. Even though «he clceu 

forecasts were in error it dces not appear that the cloud 

Setculaticns had any real effect on the poor inversion 
Meaght predictions. 

The vertical velocizies and entrainment rates were 


TABLE X 
April Iaversion Results 


Bebe GMT OBS FGSTI Foor FeCStZ RMS Suu s! RMS 
13 00 141 - - - - - ~ 
i236 Suu > ..0 - = -~ -~ 
14 00 289 a2 5 S 0 75 214.0 = - 
lint - ~ ae io or ee GS. 0 
15 CO 469 - - - = 298 222.9 
Pomc Ops eGst4. RMS FCSTS RMS FCST6 Ris 
15 CO 469 140 §=329.0 = = - - 
Zo 09 iasoOss d= so 2u0 1155.0 - - 
16 00 421 = - espe 29. 7 6848 263.0 
. 12 291 2 - - aie ff (ere) Sa 
BATE GUE OspS FCST7 RMS FCSTS 
16 12 291 340 49.0 = 
17 00 - 44d = BS 
12 - = - 345 
Meeterert than those for other period. Entrainment rates 


were zerc fer the first ard third forecasts, and «he first 
three hceurs of the fifth ferecast and were assigned a 
Hinigal fositive value of .001. Henca, the inversion height 
Was suksidence contrclled for these times. The moisture 
ferecasts were good since values agre? to within 2 g/kg of 
the ckserved value ard in some cases even less than 1 g/kg. 
Fach of these forecasts were initialized with the evening 
soundirg in which lifting condensation levels indicated no 


erouds. 


Is 





TAEEe KE 


April Lifting Condensation Levels 


Pete cte wOpo mene a. | Ce Site Heol Bes 14 
Ue O00 70> = = = = 
ees) LOU 1903 = = = 
14 09 d39 SP 274 = = 
2 ees0S = 197 Ss = 
ih) 0Q0 506 = = 861 po 316 
12 4845 = = = 73.0 
BAe eG POSS sweSt > eS ic eels Peso 
15 12 445 315 = = = 
16 000 Voz 423 aisle = = 
PA). Sys) = S10) 3 297 = 
17 00 = = a 206 Ls 
iz = = = = 0) 
TABLE XII 
April Potential Temperatures 
Babe Git OBS. FCST) BCS i2 Bes ies FCST4 
ies ORG eee ire = = = = 
2s. | Cli 8 - = = 
2 36 = 2s 2 1 = 
Mores: OBS FCSTS res i> rec ay Pesto 
15 1] 4, a) Gals Sy = - = 
16 00 12.4 Slals eG J = = 
lees 3 = 7.1 | 2s = 
Ag 00 = = = Ss) ais} Se) 
12 = pox and a SNe 


Closé examination reveals that the potential temperatures 
forecasts did not reflect the observed diurnal variaticn. 
The 12-hcur forecast generally showed cooling or heating as 
it shculd but not sufficiently to agree with chserved 
results. The 24-hour forecast tended to reverse the diurnal 
jeema anc <¢ have cocling instead of heating cr vice-versa. 

Tt is believed that the land again influenced the 
cbserved inversion heights. Figure 4.3 shows the chserved 
and fcrecasted inversion height values for this case. Clcs= 


examination reveals that thare appears <=o be two protlems 


ve 





TAELE Itt 
April Moisture Values 


Det. GAT WBS ~£Cs7 1 MES 12 Poot POS 
1s O00 6.8 = = = = 
eZ Base Se = pau oe 
14 00 O<5 9.0 6.9 7 aa 
12 ieee) = 8.2 625 ie 
|S 0a ac = = bo Sac 
V2 Gree = = = Cea) 
Plt Git OBS  FGsr5 BES 26 Vesa Pesos 
2 i2, Ose 6.4 = - - 
16 00) 6,4 5.9 oes = = 
Te ai = = ee hao = 
17 00 = = = Gal 5.4 
AZ = = = = Dez 


which are acombination of the problems discussed fcr the 
Summer and winter casés. Mici auc Stepare Of the pericd was 
strongly influenced ty diurnal fluctuations and the fore- 
casted values were Similar tc thos2 in the summer case. Tne 
winter case was influenced ky subsidence and surface winds. 
In this case, it is telieved the northerly winds caused thse 
increase in the observed inversion at 15/0000 GuT due to 
Meecagrathic induced large méchanical mixing. The vertical 
velocity allowed the model tc decrease the heights for «that 


time. 


De. DISCUSSION OF MOLCEL RESULTS FOR PERIOD IV (FALL) 


Tables XIV - XVII list the observed and forecasted 
values. As before predicted inversion heights for this case 
appear tc be no better than those for previous cases. The 
formation cf clouds was forecasted accurately Since ‘the 
tod2l predicted cloud formaticn at a time when low clouds 
cccurred in the area. However, forecasted lifting ccndéensa- 


tion levels were not in agreement with those cbserved. 
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Figure 4,3 Graphical Depiction of Spring Case 
Observed anda Porecasted inversion sights. 
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TABLE XIV 


August-September Inversion Results 


Soc OSSmEe CoD ee ntS FCST2 RUS FCST3 Bois 
Zo 00 287 = = = = - = 
30 00 365 Cwemeoe. 2 sek 159.0 = = 

to 3 = = 6 38 Su slaie.  Glsls UPS, 

21 00-3931 = = = - IO emlC? . 3 

Piece teOh Se Peo hie RMS FCSTS RMS RCSuG RMS 
=o 00539 S12 | a 2 - - - 

PAS ps Geom o5.6° 574 2 ew = = 
1 Os 22 = = foo 83S e550 701s 897.0 
12 6M - = = - 1057 - 
eG eo ome sy RUS) £CSTS RAS FCSTY aes 
1 | B63 = = - = = 
zZ 00 356 ShSmic 9 «0 = = = = 
12356 = = IAAL. S360 = = 
3 00 411 = = 225 244.2 449 Srey, 
12 469 - = = SONS, D DietZ 
Pat eeGMrmObsomereslIO RMS FCST11 RMS FCST1zZ2 RMS 
5 12 469 494 Pe a) = = = a 
00 42z OWe 292.9 684 262.0 - = 
12 aS = = 854 417.5 45% Poe O 
00 424 = = = = Se tS 724 
Pro eotieOns  FCstls RNS FCST1I4 RMS PeSr> 
5 00 424 - €75 25.10 = = = 
12 429 aZS 467.2 404 ZS = 
00 - = = 496 a 498 
12 = = = = = 501 


The forecasted specific humidity values have an inter- 
esting trend (shcwn in Tabie XVII). Por2casts initialized 
from événing data were good but those initialized from 
morning Gata were bac. when initialized with evening data, 
the predicted specific humidity values were representative 
ct the ckserved values. Okviously, peor forecasts of 
¢pecific humidity or any other key parameter lead +0 peor 
predicticn of inversicn heights. 

Fetertial temperatures, in all but two runs, were fore- 
cast to alweys decrease (cocl) with time. The two morning 
to ¢véning forecast cases did not reflect sufficient daytime 


heating, eéven with clouds present. To evaluate the pcor 





TABLE XV 


August-Séeptesker Lifting Condensation Level 


{1} 


CATE GMT OBS FCST1 FCST2 FCST3 FCST4 
5G) OO 7B - - : - 
12 196 503 - - - 
2 00 520 234 DOS - - 
12 296 - 0 78 - 
21 00 406 - - 0 297 
12 364 - - - 206 
CATE GMT OBS FCSTS FCST6 FCST7 FCST8 
24° 12 368 195 = = 
1 OO Bigy) aay 613 - - 
12 - 580 101 - 
2 00 331 - - 150 - 
12 205 - - - 0 
SOC es - - - 0 
DATE GMT OBS FCST9 FCST10 PCST11 FCST12 
Sumo ON moda 2o7 - = = 
Tee cue 122 325 ~ - 
4 06 496 - u52 u24 s 
12 452 - - 344 0 
5 00 525 - - - 0 
DATE GMT OBS FCST13 FCST14 FCST15 
5 00 525 374 ~ - 
12 300 we 394 - 
6 00 - - 186 194 
12 - - : 0 


performance in potential temperature forecasts, the subsi- 
Beemeset ce, Specific humidizy and dzurnail radieticn varia- 
tions were compared. When the forecast was for a mcrning to 
evening fericed, excluding the two previously mentioned fore- 
casts, ccntinued cocling was predicted when heating should 
have been predicted. This result was independent of subsi- 
dence rates or presence of clcuds. Pieret Ope, fOr MC ErReang 
to evening forecasts, radiation effects were not svfficient 
to introduce the needed daytimre haating. From evening to 
morning the majer preblem waS too much ccoling. thas 
happened in five of the fcrecasts with another five fore- 
casts shcewing goed ccoling rates but bad forecasts for thes 
24-hewur foint since the previous 12-hour forecast was bad. 
The g¢ecd cccling ratés occurred when the subsidence was at 
its laraest comrared to the excessive lowering forecasts. 


This weuld indicate possible problems in the radiation 
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TRELE XVI 
August-September Potential Temperatures 
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segment which weculd te cooling the pctential temperatures 
meeethis tire of day. 

Figure 4.4 shows the okserved and forecasted inversicns 
Meee this period. Rey factors affecting inversion heights 
during =his pericd were diurnal heating variations, surface 
winds, and clouds. The temperatures showed a definite 
diurnal pattern threughout the period as did the lifting 
condensaticn level. The inversion displayed a diurnal trend 
Sueeye Fatt Of the time, 29/1200 GMT through 31/0000 GMT and 
3/0000 GMT through the remainder of the period. 

Tke low subsidence values contributed greatly tc the 
high inversion height values forecasted during this pericd. 
Cf the remaining forecasts, those with heights forecast to 


decrease were evening tc merning forecasts with sutsicence 


Seemrrinc. The observed heights increased (except fer the 
2/000C GFT value which remainsd constant) due =O, Strong 
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August-September Moisture Values 
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winds (weaker and more westerly at 2/0000 GMT) which lifted 
the inversicn du¢ to fixing. . 

At 31/1200 GMT an observed height decrease occurred for 
the morning to evering fcrecast time but the fcrecasts 
showed rises. Tec explain this requires consideration cf all 
three factors mentioned above. The observed height values 
decreased dua to the increase in cioud coverége and 
continued cnshore flew whereas the normal situation is 
cffshere flew due to diurnal changes. imerradiataen Conpuj 
taticns alsc appéar to have been responsible for #rrers in 
the fcrecasts for this period. Rd@lat On was NO: the only 


problem since erroneous specific humidity and vertical 


velocities contributed. There was land influence on the 
parameters involved in height predictions, és in the cther 
cases. 
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Figure 4.4 taphical Depiction,of Fall Case 
Observed an Forecasted Inversion Aadigue os 
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KF. SUMMARY AND GENERAL CONHENTS 


foe eas. Y Steneby the large Foot mean squats Eccrss 
fee cha lange dittererces between forecast anc cbhserved 
meomas, Geticcted grathically, that the model did net yielc & 
Seer rL=ec2ction cf inversion hez:ghts at Vandenberg AFS. The 
Meme: also Gid not yaeld very good forecasts cf the cther 
parameters. 

@ne discussions fEresent an explanation of ‘the prckakle 
components where errers occurred. There are certain rprine 


a n 
Heeccrs which cause the greatest probien. The Llatgest error 
producer is the fact that Vanbenberg AFB is a land 

which strengly experiences diurnal variations in temperat 
and winds. The primary predictive values of the 
(subsiderce, entrainment, radiation and presence of cle 
are also influenced ty the land effect. Daytime heati 
which increéses temperature and, hence, dissipates clouds is 


Hommacecctnted for in the MAEL model. 


Tepocrarhy and certain wind directicns increase the 
turbulence in the mixed layer. With mountains north as well 
as south of Vandénberc AFB, this condition can result when 
Miemerctichere flow dees not set up during the night and 
Semema merc heriy or secutherly flew continues. This leads to 
deepening cf the mixed layer and can overcome the effects of 
subsicence. The result of this would b2 to lift instead of 


lower the inversion. 

It 1S concludec that this study yielded conciusive 
eviderce that the MAEI model is not appropriate for use ata 
coastal station because, even though ccastal, land influ- 
erces play a significant role. The results from the study 
ry Gleascn (1982) reveals definite contrasts with this one. 
He had gced results for San Nicclas Island and was akle to 
show that the Q-metkcd of calculating vertical velocities 


was kest. 
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Vo. SOMMARY AND CONCLUSIONS 


—- ep fe ee oe es oe ee te Oe ore eee ee? nes ate eae a 


Mecurace —OrFedm@etien= Or VerLiations in the height of 
D 


atmospheric inversions are a necessity in pro 


modern weapenry. This is because of the impact changes in 
inversicn heights have on the ducting of weapons guidance 
syszem or cf tracking system signals. Atmospheric parane- 


=: 
iD 
ct 


memen ere Ccnuinueally changing and those paran 
gcvern inversions can easily change their entire pr 
a@ matter cf hours. Forecasts cf changes in inversi 
€rties must start with forecasts of those par 
namely, teuperature and specific humidity. To do 
Warire atmcspheric bcundary layer model used at the Nav 
Fostgraduate Schcol wes utilized. 

Data periods which covered each season were chosen for 
the Vandenkerg AFB area. All four cases were dominated by 2 
high pressure system over the sastezrn North Pacific Ocean. 
Clear as well as cleudy days were considered to allow full 
tange testing for a station strongly influenced [Ly land 
femaicions. Data fer these periods were from rawinsond=3 
cbhbservations, satellite information, and surface and 500 mb 
Synoptic analyses. Model input parameters were frem the 
Iawinscrd€é observaticns and satellite derived sea-surface 
temperattres. 

Results from each model run were compared with cbhserved 
values te determine accuracies of the model. Et was found 
that the mcedel did ret yield accurate predictions during 
mcst cf the cases. Final interpretatiors of these inaccura- 
cies always peint to strong land influence. Diurnal varia- 
tions influenced by the lard are much greater than 
Vatiaticns over water and are not reflected in *he model 
Gaiculaticns. 
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Mee wendmeeE esi cnGCre thl= Study 15 that this MAEL model 
A ; 


vig) ares 


\Q 


dees net work for Vancenb2r re 
for staticrs strongly influenced by land 


Weel a ticns. The redevelopment cr the model to «reat such 
a 


factcrs is required te properly handle the 1 
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